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ABSTFCA(.T

[~ff-)cwnt Inl(la(ionof Iargc-volurw chcmtcnl Iawm ma~ k ●chlcvcd hy nculron Induced r-cacll,~ns whl(-h

prrducc charged particles in Ihc fin~l sIaIc W1-tcn a hum I r-wdc nuclear rcaclor is used a< Ihc ncutr(m wur~-c,

lw~!h n sulficicnllv inlcnu ncultxm flux and n sufficr.cn[ly shor( iniliatrcm pul.u ITIny k ~s<Ihlc [’ror)f+,f-

princi[~lc exprirlwnls arc plmrwl (o(knwmdrmc Iising in ●dIrccl nUCICM-pUl!lfWd large-voluIIw SYTICITI. I(J

SIUCIV the C((CCI< of VUKIUS ncutrcm skorhtng ma bcrials on l~scr pcrfcmnancc: to slud: Ihc cffr(’ls of lon~

tnitiatton pulw lcng!h~, 10 dcrrmns(ra!c (hc pcrirwr-nancc of Iargc-scale opIKs and the ham qudi(} that ins}

k ob!alncd. and I.) a.sscssIhc performance O( allcmallvc Clcslgns of burs[ VSICrm$ tha[ Irrcrcasc Ihc ncu[ron
outpuf and trcrn( rcplttion raft

“Rrcre has Lwcn con~ldcrablc inlcxsl. fm(h in the pa<f ’ and rnorc rcccnll)2’3 m the isxuc of nuclcw pumpln~ of gas Iascr mCIJIJ Iw, )

ch~racteristk! oi a nuclcm rcac[or !ha( have fueled this In!crcs[ uc !hc hlgh<ncrgy cwIpu I tha( IS ccwplcd wllh a rclattvcl} sIIIall. U-II

con!alncd syffcm Ilrcsc fca!urcsprcrvkk rrwchsliiwrm forovcrcoming !hc rc~trlctmns ire-d by volume. ~clgh(,or lllalnlcnancrlllT~lletl

SySk IILI The Itmg r,wan-free pa(hs uswwia!cd with unchwgcd pullclcs such M !hc nculmn d.so pmvidc a ~t)nvcnwn( Ilrchwllslr] (t,(

Pulllping Iargc-vcdulrw gas sy$lcil~s

W’C ha~c l~cn in!c~s(cd ill the l-u~sthili[y V( using ncutrrm~ 10 inilialc a IJ[; C02 Iransfcr Iawr ‘l%i$ (>~ of chcn}ical l~scr hz~ on

tnhcrcnt advantage over cxcmtcr Ia<crs. kmcmw Ihc cwtpuI crwrgv sriws m a msul I of cbcmical rcetc(ions mwmg Ihc conslifucnl< of Ihe

Inwr Incdiuln ra!hcr than n< ● result of (hc energy KcrpplIcclhv an cxkmal pulrrping dcv Icc In tic [)[.(’() In<cr the ncu(ron pulnp onl\

pto~idc$ sufficient rrwrgy 10 Ini(in!c (hc chemical rc~tion chain The la-r may then p-duct an outpcrf energy ●ppmxi[na(cly (cn II[lWL

lar~cr [k,rm (hn! <upl>liccl try (bc pufllp. mm)parcd 10 a mmvcrrtiorral av~rcm which mighl produce M ou(pu! energy equal (o a (CW ptrtcrr( (~1

!hc punlp energy

In the rcac(crr pumping concept. ncu!rom prrxlucc4 bv lhc rcacmr wc Asortmci by a nuclcu~ within rhc Imlng nrclium ‘I%c rru~lr-u,

(hen unrlcrgcws a rcmti(ln thnt pr(xluce< highly cncrgeltc charged pat-l klcs, which &lms II energy in the Iawr ga< Illis is $Irr]llw (,, ll]r

prcw’cls in an clcclron-twa rn-punlpcd Imcr

To mccomnlish this prwcss mm$f cfficicnrly, the nuclei lhn[ dcq-t ihr Imcr mu<r have ? lNgc atmrprirwr cress ,scc!ion for low-c twr~}

nculrtms, a Iargc [wsilivc q value for ihc nuclctr rcsclron, and n)usl not rnuhn(an[iallyperturb Ibc o~ra[km 01 Itw Iawr II W(lUI(! alw) Iw

:::r:::VY:f ;yc”~,i, ((111 ~d 211
ciel of in~resl were Iocxist in mgascmls form SCvc; al candicla[cs [hat hsvc rcccivcd con<ickratdc nt!cn!i(~n In IIIC

[J lhc rclcv~at propcr!ics of lhcsc tmtopts arc Iis[cd in “1’ddc I “I?w qcrmll(ics O( (hesc nu,lcl [11A(
Iltrr<t k prcwn! vary ccm~i~crsbly. dcpcncling cm (hc energy rclr~Ic pcr sb(~r-ptrnm-r ?}cn(, M discu~fcd in .Src V f:or cxar]q~lc, ur~nl(jrll
hcmriflu(lridc PCCU<10 k prscnt ot[ly in very <mall qu yri!ics Dtc ~dcli[xm of any of Ihcu Rlmcicsraiws cort~plcx qcrc~lK~n\ rrgartlln~ It.
clrfcl on !hc ~~wr kinclics lor mmc \pccics (such -i Ilc). wc have trrough in formalmn 10 prcdic[ L)I:<”UI Iascr optra(l(m II a quan(l(}
()( ‘Ilc were uldcd I() Ihc g~s n]ixlurc



of departure _flerefom we will fix the total operating pressure at I ●tm and [he g= composition as shown in Table 11 I:(M neutron .nltlatl(lrl
we will Rplacc 10% 50% of the argon bufler gas with 3JIe.

TABLE [1 f3AS COMPOSI”HON FOR DF-C02 LASER

Components Pressure (torr)
I

Buffer (&-gon)

-’”””1 “-: -

——

FI 45

D2 15
—

CQ 35

02 1

I Total presmrre 760



deactl~ating C’OZ((WI ) hv 311eand 411cdo exist md an identical ‘ ‘ Bimolecular kinetic rstes however. depend cma cross section and a

colliskln frequency, “lIre Iarfcr varies invc=ly with the square rooI of the reduced mawr For ‘}le interacting with (’02 or [>l;, there is a

net incrcaw m the rate try I ~% or 14%. respectively I’lw scaling of three fmdy raws is somewhat ambiguous and depends on ihe model
chosen. A sirlyde-nlindcd approach leads to incmascs in the rates for Reactions (4) and (5) of only 7%

‘IABLE 111 CONfPARISON 01: KINE1lC RATES lNVOLVINU ARGON AND }lELILlhl

Reaction M k(Mf)) k(600)

C02(COI ) + M Ar 156X 10-’5 ‘ I 72 X 1(~-”
.—— —.———— ——

} {c 2.30 x lo”’~ I 86 x 10-’4
+

(’02(010) + M Ar 933 X10-’6 ~ i 63 X 10”4

He 117x lf)”13 : 829X 10”’3
— -— --—-– k—---—–––- —--–---— -—––-––-– -–—

[IF(1) + hl

~- - -----

Ar “ 373 XI()”’R f743 x 1o”’”
— — -— -—— ——..—

lie* \t7~ A 10”’8 I 32x f(i’f
&

● Rate f~~rhigher l) F.kvels scafc m V’ v for ho(h hcliurtl and argon

K(UOO)

5 !1 x 1o-’”
——-——

5(4)X 1o”’”

446? 10’4

i 65 x lo-’~
. ..— ——

308 x 1[)-’(1
——-. . — ..—. .———

4RI x 10”’6

Incor-pora$ing the af-ove changes in kinetic rates to ~count for ‘1 le. we mpentd our previous cafr-ulntion “he increaws in the :aIe



a<sumcd a nominal value of 5 eV/T-atom If this numl-r is significantly higher for the reactor-based system. higher neutron fluxes will h=

required to gcnera~ethe same level O! ini(la[ion
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pulw Imgth 1 oraf energy dqx~itcd was Ihc smnc for dl
Calculoricms

300

250

200

150

100

50

0
0 100 200 500 400

Initiation Pulse (us)

Fig 2 I,uer pulse length M s function of inidsti(m pulse
kngth



helium kwts and mc~a+faties arc verv effective m Pr-odtwing F~+, thrw additionrd pr-ocmsc~lower Ifw production {}( F~+ and creafe inxle,wi

D:+, C’(.) Z+,()+, and Cl)+ I%c rmmt likely fate of these ions is rcaclkwr with theexcrss F (hat will be pmsenf Unforlunatclv, them arc n,}

measured rates for promsses such as ihesc

I
E
o
G

Fig 3 Reloti~e amounts of erwrgy needed to prmillce one .:L

F-atom ●s a functiun of argon concentraficm m total prcs+u~ is >-
V 1

71.$Iorr, and the gas n corrymscd 01helium and argon ‘1’hcmsulls :
arc nommfized to one ( 5 eV/F-aton\) for ● pure argon system .7
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In view of the unccrlain(ies, we c~n rnske no prmfiction for the cfftcicncy of F-atom production in ●clurd law mixfures (Arf tie. l;l.
f’)z, ~nd (’OZ) our crulicr analysis (Figs I xntf 2) WM hmed on 61 ‘lorr of ~llc in the gas, an cracrgy depoxuion of 30 m.f/c-m , and ran
asxulwd value of orw l-’-ntom pmdraced for every ? eV deposited M the gas [f, however, if were to take 10 eV 10produce one [;-at.ml. wc

need only increase the 3Hc concentration to achieve Ihc same level of initiation from [he same reactor flux. his indicates that c have
some leeway in achieving ● xpccific level of laser performance, even if wc do not know the ICVCIof initiation Because laser pcrfommr,ce
is very rrcrrsttiveto the level O( initiation (among other things), the impact will he in mar ability to make ● reliable prediction

hririation prhcs hw the [ll:-~f~j laser arc provided by one of two I xnsA]amos burxl reactor facilities (NNXVAm or SK(l A2’

Figur? 4 shows theClODIVA asscmtrfyand controls “llrc fuel is a I 5-wt % rnolyhdcnum-umrr iurnalloy with -93.5 %cnriched urmium
“llre furl components are all nluminurn-ionpfa(cd am-fhave ● IoIaf ma-m O( ●bout 66 kg “lTrmcexlcmal (“-shnpcd clrmips (3/4 in thick bY
I and 3/4 in in cross ,wctkm), Iabrica(cd from high. slmng(h maraging steel, Iastcn Ifrc ~tack of six slalkmary fuel ring%
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T%? hum! a=emhly is ~upported on a three-legged stmcture that hou.ws actua:ors for reactivity cmrol elements. which enter the cow
from fwlow Ike ~afcty block is threaded onto a stainlem steel mandrel ●r the lower end, so (hat thermal expansion exerts a downward
!hrust on the supprt shaft. opning ● magnetic clutch to provide shwk-induced scramming. I’o{af burst yield and burst width are p!ottml

agalnsl rracmr period w Fig 5. Yield data and leakage flux per core fksion have km obtained via foil activa{lon ~d fmm ~unllnulrl
(n,ti) delecmrs

Fig 5 Burst width and ~ak power

of the GODIVA mxembly plotted as a
function of the reciprocal period The
da<hed line issimply a guirfc for the eye.
Ilre .xdid curve has t e Iunctionaf form

/’2
P=(a2/2&)(l +ar ),whereb isthe
thermal quench rate of thedevice (a[wut
-0.2 d/Y’)h w is the Rossi alpha (about
O 86 x (O see--’). and r has been ad-

justed for hesf fiI 10a value of 8.9 ps.
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I;igum 6 shnws a top view of the SK(IA assembly. This 18-in. <tianr cylindrical annulus, consisting oi 170 kg of q3 570 enriched
uranium. is crmtrollcd bv six external co~r mflcctor elements A 9,5-in +i.wt glory hole is ●vailahk for experimental U.SC. When a Iowcr
average.energy neutrr)n s~c!runl isr&slrcd, . 3-iII. annular flux trap with ● 3-in. glory hole may he inserted, Tlough the SKUA awenttdy

has not yet operated in the Iwol)ip[ crilical ~gifiw, ini(iaf delayed criticaf operstiotrs have confirmed (he SK(JA design,

I’ig 6 ,t.p vww of rhe SK(IA burst maemhly i ‘i
, ,]3



neutron flllx profile may be achieved by proper shaping of (he moderator: however, this procedure produces some elongation of the initiation
pulse length.

Energy deposition within the lamervolume was estimalcd using the Los Alamm Mon& Carlo code MCNP’4. Estimates were made for
both *? OtXXVA and SKUA a=mbfies for xevcraf different Imr VOIWWE. ~ontin~us+nergy crm-=clion SeIS were used in the

calculations, and the msrrltswere collapsed into 16 m W groups for sna!ysis. A typicalgcornctricrncdel used in (he calculations is shown
in Fig. 8. Average energy depositions for xeversf rep faoementsof the argon bufler gas are shown in Taide V. According to these rcsulls,
minimum requirvnxmts for the ignition energy were met, with rmnsitierahk room left for variation of the exact fill gas composition

Ilowever, we slil! must show that wry degradation of the laxer kinetics remains at ~ acceptabk levti. Degradatbn could occur from (he

alteration of the fill-gas composition, nonunifonnitics in the pumping profiie, G longer initiation pulses provided by the burst assembly

Fig 7 A typical faqt initiation pulse from Ihc GODIVA
assembly
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TABLE IV. COMPARISON OF BURST CIiARACTERMTICS

Godiva IV SKUA (est. ) LBR (est.)

Burxt width (ps) 30 I(W4(Uf Sm-sm
—.

Joules/btrrst

.

1.8X 106 5.4X 106
.-

“---” ‘“-1--- ~ - ;“-- --

8,9 X 107

l.cakage neutrons 8.9x 1(}’6 2.7X 10” 3.OX 10’8

[lrIx at I m (nfcm2-s) 2.4 X 10’6 5.3 x 1015 4.8 x 10’5—————— .._, —. ..—___— .—— —.——. —.-.——— . ..- —-. —— .— .——___ .—_— _____

Central fluence (n/cm2) 3.3 x 10” 3.3 x 1($4 --
-—-. --.——-— .—.———. —— —-— ———— .. ————— .. .—.—.. .— .———.....——.-z.- .._ .— .-.

Awragc ccnfraf flux 1.1 x 10’9 80X 10’7 ---

(n/cm2-s) average
-.. .— ..—.— ———- — -—- —— —— .-— —.—-

Peak 20R 10’0

..-.

15 x 1($” -.

burst rrpr(ition rate. hntI grrater-unif(mltity in theencrg,y ric~wition within the Imcr VOIU~ Ilw RhC of the W)l)l VA and SK(IA pulvs
is fun(imlwnt~ly Iimitcd hy the mechanical strcmc< pnwt?lccdhy thernlaf expansion .?f the fuel during the btrrxt and. t<) a irw.er cxtenf, hv

the tcmpcraturr Ike in the fucf inuduccd by the ksi(m lragn~nls “Ihe pulse length k cfetcm~ined f’undamentall) by the physical size {JI

.
I

1



TABLE V. ENERGY DEPOSITIONS ACIUEVABLE W A
LARUE-SCALE DF-COZ LASER

Additive Energy Deposition

none 0 I rnJ/cm3

0.S-atm 3He 4.s mJ/cm’

O.t -atm +le I I .5 rnJ/cm3

o.I -atIll ‘% I 4.S rnJ/cm3

0. I-atm 6Li I 35 dkrn’

0. I -aim
235(1 I 50 .() nd/cm3

A new liquid burst faciliry. the SlfEBA assembly, is presently being Corrstrtrcti to study the dynamics of nuclear excurxiorm in a Iquid

sys~m. (’omfmred to a n~tal system. the Sl[Ef3A assembly might rtltimalely produce ●n increase by ● factor of I(I to lfN~ in the neutnm

output and a substantially higher burst repetition rate at the cost of a somewha( longer pulse length. In ifs find form, this liquid burst

facility would have a sttbstantial volume. and itx shape would be tailored to the requirements of the law system A critical ma= of Iquid

materinl WOMJ be pumped into ● shape of interest, then allowed to burst and vaporize. “f?re material would then be cooled, reconstituted,
and pumped back into the critical configuration for anoflwr burst. A curttpariaon of the characteristicsof such a liquid burst reactor (LBR)
with GODIVA ruralSKUA has been included in Table IV.

F !4

A large-volume Itser experiment is currently being planned to examine [he issues of l-r and burst assembly operntion raised here.
We propose IO do Proof @f-principleexpcrimerm whose objectives are

1. w dernonstrntc Iasing in ● neutron-initiated DF-C02 I=i;

2. to examine the kinetics of the Iawr when various fractions of the buffer gas arr replaced by 3He and other gasa~

3. to examine the feasibility of long pulse initiation (30- to 5(XLp* range);

4. to produce a l-r large enough to demonstrate optics performance and beam quali!y; urd

5. to study the characteristics of aolutiorr burst assemblies.

Wc envisirm the u= of twolmer volumes. The rrmallerof k two will he approximately 4ftcnt in diarrr hy z m long. [ l~ing -2 Wm-diam
optics, we will nwanurc garn. total rwtput energy. and pvlse shape to verify and adjust performance prcdictiorw. Full-aim, 44km-diam
optics would then be used to show pumping uniformity ad extraction over the full volume of -2801.

A aemmd laser WOIIM have ● larger volume (-2 m3) with s folded optical pr{h: ●n uns~ahie rewmator wordd extract the full volume
Preliminary cnlculwnms indicnte thnl this volunw will be large enough w give an ●quivalent FmsMi number well ●bove the criticaJFresnel
number for nmde separation, aJlowulg the laser to produa ● single plane wave.

In [his report, wc have examinc~l sonw of the i=ues that arise m s(fcmptin~ to iniliate ● Iruge-volume, D[~.(’{)z transfer Iascr with s
burnt rcacfor While scvcrnl imucs remam to be mcttlcrtin Iw-Xhthe o~rntion of the burnt ~actor gnd in the Ia$cr kinetics. analysis 01 n
system in which ‘he is used 10replace sottfi fraction !~f the buffer gas indicates that excellent Pcrfomunce of the system nlay be expccfect
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